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ABSTRACT

Purpose/Background: There are a few studies investigating the reproducibility of the Upper Quarter Y
Balance Test (YBT-UQ) in adults. However, no study has determined test-retest reliability and the minimal
detectable change of the YBT-UQ in adolescents from different age cohorts. The aim of the present study
was to establish test-retest reliability and minimal detectable change of the YBT:UQ in a sample of healthy
adolescents.

Methods: In a school setting, 111 students (59 female, 52 male) aged 12-17 years performed the YBT-UQ
twice, separated by one week. Normalized maximal reach distances (% arm length) for all three directions
(i.e., medial, inferolateral, superolateral) and the composite score were used as outcome measures. Intra-
class correlation coefficient (ICC3,1) and standard error of measurement (SEM) were calculated to assess
both relative and absolute test-retest reliability. In addition, the minimal detectable change (MDC95%), an
index that is defined as the minimal amount of change in performance that falls outside the measurement
error or performance changes due to variability was determined.

Results: Irrespective of age cohort, reach arm, and reach direction, the measure of relative reliability
ranged from “moderate-to-good” to “excellent” ICC values and the proxy of absolute reliability was rather
small (i.e., SEM < 7.6%). The MDC95% needed to identify relevant effects in repeated measurements of
the YBT-UQ performance ranged between 4.8% and 21.1%, depending on age, reach arm, and reach
direction.

Conclusions: The detected values imply that the YBT-UQ is a reliable field test that can be used to detect
changes of upper quarter mobility/stability in healthy adolescents aged 12-17 years.

Level of Evidence: 2b

Key Words: adolescent, motor control, movement system, practical relevance, reproducibility, school
setting, upper quarter mobility/stability
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INTRODUCTION

The Upper Quarter Y Balance Test (YBT-UQ) is a
field-based method used to investigate upper quarter
mobility and stability.®* From a practical perspective
it is important to know whether the results obtained
from the YBT-UQ are reliable. In other words, to
be certain that differences between test and retest
assessment of YBT-UQ performance can be consid-
ered “real” and outside the error range, reliable mea-
sures on an individuals’ performance are needed.*
Further, distinct ranges of meaningful change
need to be established. This allows practitioners to
derive an accurate evaluation on the magnitude of
changes between repeated YBTUQ performance
assessments.

Previous studies'? on the test-retest reliability of
the YBT-UQ have investigated healthy young adults,
only. For example, Gorman et al.! examined test-
retest reliability (between-test period: 20 minutes) of
the YBT:UQ in 22 subjects (10 men, 12 women) aged
19-47 years and found “excellent” intraclass correla-
tion coefficients (ICC) ranging between 0.80-0.99;
irrespective of reach direction. Further, Westrick et
al.” determined test-retest reliability (between-test
period: 28 days) in 13 subjects. The obtained ICC
values ranged from 0.91-0.92, which is indicative of
“excellent” reproducibility. However, transferring
these results obtained from adults to adolescents
appears to be questionable, given that anthropomet-
ric and physiological differences due to growth and
maturation exist.> As a consequence, performance
levels achieved during the assessment of upper quar-
ter mobility and stability may differ between age
groups. For example, Borms and Cools® showed age-
related differences in upper-extremity functional
performance (i.e., YBTUQ, Closed Kinetic Chain
Upper Extremity Stability test, Seated Medicine Ball
Throw test) in 206 adults (age range: 18-50 years).
For the YBT-UQ, the 18- to 25-year-olds showed sig-
nificantly better performance data compared to the
26- to 33-year-olds and the 34- to 50-year-olds, indi-
cating an age-related reduction of upper-extremity
function.

There is no study available that has determined
test-retest reliability and minimal detectable change
of the YBT-UQ in healthy adolescents including
males and females from several age cohorts. Given

the anthropometric and physiological differences
between adolescents and adults, the aim of the pres-
ent study was to establish test-retest reliability and
minimal detectable change of the YBT:UQ in a sam-
ple of healthy adolescents aged 12-17 years.

METHODS

Participants

One-hundred twenty students in grades 6-11 (i.e.,
12-17 years) were recruited from randomly chosen
urban public schools. The characteristics of the stu-
dents are shown in Table 1. Students were excluded
from study participation if they (1) were outside of
the aforementioned age range, (2) had a musculo-
skeletal, neurological or orthopedic disorder during
the last three months prior to the beginning of the
study, (3) had other medical conditions that could
have affected their ability to execute the YBT-UQ or
(4) performed the test or retest only. Nine students
were excluded from study participation because
they performed only the test / retest (n=3) or were
below (n=3) / above (n=3) the age range. As a con-
sequence, 111 (93%) of the initially recruited sub-
jects were included in the present study. Prior to the
start of the study, participants’ assent and parents’
written informed consent was obtained. The study
protocol was approved by the Human Ethics Com-
mittee at the University of Duisburg-Essen, Faculty
of Educational Sciences.

Procedures

All participants performed the YBT-UQ twice, sepa-
rated by one week during physical education (PE)
classes in the school setting. Upon entering the gym,
all participants received standardized verbal instruc-
tions and a visual demonstration regarding the test-
ing procedure that included the assessment of arm
dominance® and anthropometric variables followed
by performance measurement in the YBT-UQ.

Assessment of anthropometric variables

Standing height was assessed with shoes off to the
nearest 1.0 cm with a stadiometer (seca 217, Basel,
Switzerland). Further, body mass was determined
in light clothing and without shoes to the nearest
100 g with an electronic scale (seca 803, Basel, Swit-
zerland). Body mass index was calculated using
body mass divided by height squared (kg/m?*). For
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Table 1. Characteristics of the study participants (N =111) by age cohort.

o 12 yrs 13 yrs 14 yrs 15 yrs 16 yrs 17 yrs
Characteristic
(n=14) (n=20) (n=24) (n=20) (n=18) (n=15)
Sex 6/8 7/13 13/11 11/9 13/5 9/6
(f/m)

Height 160.5 + 167.2 + 168.4 169.7 168.5 + 167.7 £
(cm) 9.9 8.8 8.7 8.7 8.8 10.4
Mass 484 + 52.1+ 593+ 62.7 + 62.1 + 64.8 +
(kg) 10.8 10.1 10.2 15.8 11.8 12.3
BMI

187+2.6 187+3.6 21.0+35 21.7+45 21.7+29 23.0+33
(kg/m?)
Left arm
81.6+63 81.9+47 844+42 858+55 855+51 862+5.1
length (cm)
Right arm
81.6+£69 81.9+49 84.6+42 86.0+53 85.6+49 863+5.0
length (cm)
Arm
dominance (2/12) (0/20) (2/22) (1/19) (1/17) (0/15)
(Ir)
Values are mean values =+ standard deviations. BMI = body mass index; f = female;
m = male; 1= left; r = right.

normalization purposes, right and left arm length
(cm) was determined with a cloth tape measure in
accordance to the YBT-UQ test instructions provided
by Plisky.”

Assessment of Upper Quarter Y Balance Test
performance

YBT-UQ performance was assessed using the commer-
cially available Y-Balance- Test-Kit (Functional Move-
ment Systems, Chatham, USA) that was positioned
on the gym floor. The Y-Balance-Test-Kit consists of
a centralized platform to which three polyvinyl chlo-
ride pipes are attached representing the medial (MD),
inferolateral (IL), and superolateral (SL) reach direc-
tions. Each pipe is marked in 0.5-cm increments for

measurement purposes and equipped with a move-
able reach indicator. Each participant was instructed
to reach with one arm as far as possible while main-
taining his/her push-up position in the MD, IL, and
SL directions (Figure 1 A-C). The YBT-UQ was per-
formed with the left and right arm. Prior to its execu-
tion, standardized instructions and demonstrations
were provided. Three practice trials were conducted
followed by three data-collection trials. Participants
started with the right thumb placed behind the start-
ing line that is marked on the centralized platform in
a weight bearing one-arm push-up position with feet
shoulder width apart. Afterwards, the participant
sequentially moved the reach indicator with the left
hand in the three directions as indicated by YBT-UQ

Figure 1. Participant performing the Upper Quarter Y-Balance Test medial (A), inferolateral (B), and supevolateral (C) reach.
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test instructions. This procedure was repeated until
three valid trials in each reach direction were reg-
istered. Subsequently, participants completed three
trials in the same manner with the opposite arm. In
order to prevent effects of fatigue, participants rested
for one minute between trials. After each reach, the
obtained distance (i.e., from the center of the cen-
tralized platform to the maximal reach indicator dis-
tance) was documented to the closest 0.5 cm. Trials
were discarded and repeated if the participants (1)
did not maintain the one-arm push-up position at
any point during the trial (i.e., touched down to the
floor with the reach hand), (2) did not maintain reach
hand contact with the reach indicator (i.e., shoved
the reach indicator), (3) used the reach indicator for
support (i.e., placed reach hand on top of the reach
indicator) or (4) failed to return the reach hand to the
starting position under control. Due to the amount
of time needed for administering the YBT-UQ (i.e.,
three practice trials followed by three data-collection
trials), two skilled examiners documented the reach
distances in a group setting (i.e., examiner-to-student
ratio of 1 to 5). The same examiners completed the
test and retest for a particular group of subjects after
they had trained their competence for YBI-UQ assess-
ment in a study course. The normalized maximal
reach distance per reach direction and arm was used
as an outcome measure and calculated as follows:
normalized maximal reach distance (% arm length
[AL]) = (absolute maximal reach distance [cm]) /
AL [cm]) x 100. Further, the normalized composite
score ([CS]i.e., sum of the three maximal reach dis-
tances per reach direction) per arm was calculated by
using the following formula and additionally used as
outcome measure: CS (% AL) = (MD + IL + SL) /
(AL x 3)) x 100.

Statistical analyses

Descriptive statistics (i.e., group mean values +
standard deviations [SDs]) were calculated for the
maximum distance reached in each of the three
directions for both arms. An independent samples
t-test was used to quantify YBT-UQ performance
differences between females and males and a
dependent samples t-test was performed to detect
performance differences between the dominant
and the non-dominant arm. Relative reliability was
assessed using the ICC3,1 and the 95% confidence

interval (CI).? In accordance to Fleiss’, ICC = 0.75
was considered “excellent”, 0.40 < ICC < 0.75 was
considered “moderate-to-good”, and ICC < 0.40 was
considered “poor”. The absolute reliability of the
data was determined using the standard error of
measurement (SEM).'” The lower the SEM value, the
more reliable the measurement. In addition, Bland-
Altman plots" were used to define the magnitude
of agreement between test-retest values. Here, the
performance difference between the test and retest
measurements were plotted against the mean of
the respective measurements." Bland and Altman"
recommended that 95% of the data points should
lie within the mean + 1.96 SD (i.e., limit of agree-
ment) of the differences for the test and retest mea-
surements. Further, we determined the minimal
detectable change (MDC95%). The MDC95% is an
index used to define the difference needed between
repeated measures on one subject for the difference
in the measures to be considered real.*® All statis-
tical analyses were performed using SPSS software
(version 24.0, SPSS Inc., Chicago, IL, USA). The sig-
nificance level was set at p < 0.05.

RESULTS

YBT-UQ performance

Group mean values and SDs for the normalized (%
AL) YBT-UQ performance by age are presented in
Table 2. For the left arm reach, performance data
ranged between 85.4-99.9%, 72.8-92.7%, and 58.8-
66.3% for the MD, IL, and SL direction, respectively.
The corresponding CS ranged from 74.4-83.8%. With
respect to the right arm reach, YBT-UQ performance
ranged between 84.3-98.3% (MD direction), 72.3-
91.0% (IL direction), and 56.7-63.0% (SL direction).
The respective CS ranged from 72.7-82.8%. Except
for the right arm reach in the IL direction (p = 0.035;
lower in girls than in boys), no significant differ-
ences between female and male participants were
detected. Further, the limb comparison revealed
no statistically significant differences between the
dominant and the non-dominant arm for any of the
three reach directions or the CS.

Reliability

Irrespective of age cohort, reach arm, and reach
direction, the ICC3,1 values ranged from “moder-
ate-to-good” to ‘“excellent”, i.e. from 0.67-0.90 for
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Table 2. Upper Quarter Y Balance Test performance data for the test and retest assessment by age cohort.

12 yrs (n=14) 13 yrs (n=20) 14 yrs (n=24) 15 yrs (n=20) 16 yrs (n=18) 17 yrs (n=15)

Test Retest Test Retest Test Retest Test Retest Test Retest Test Retest
Left arm reach
MD (% AL) 854+£96 86.8+11.1 93.5+81 932+114 929+6.2 92.6+94 97.1+11.1 999+103 95.6+13.0 955+16.0 939+127 972+11.2
IL (% AL) 79.0£9.5 775+88 872+13.7 9274211 832+139 782+119 789+9.6 789+127 7294109 728+109 745+10.7 735+114
SL (% AL) 588+£7.6 603+£122 657+109 65.6+113 663+12.7 61.7+10.7 645+£83 662+11.7 61.8+106 61.9+124 641+142 63.5+142
CS (% AL) 744+79 749+9.5 82.1+9.8 83.8+124 80.8 +8.5 77.5+9.0 80.2+6.6 81.6+9.9 76.8+98 767+11.6 77.5+109 78.1+10.7
Right arm
reach
MD (% AL) 843+96 86.8+13.1 92.5+84 95.1+9.7 93.1+6.6 94.0+100 957+10.6 9834104 93.6+11.5 923+9.5 944100 955+128
IL (% AL) 77.0+9.6 755+11.7 883+13.8 91.0+18.6 82.0+114 794107 763+9.1 754+£104 7244107 723+£106 759112 75.1+122
SL (% AL) 56.7+£93 57.7+127 622+10.5 623+9.5 62.7+8.4 61.3+9.6 61.1£98 63.0+11.7 595+11.4 60.0+12.0 61.5+£95 61.1+13.1
CS (% AL) 727+£79  733+109 81.0+88 82.8+10.7 79.3+6.5 78.2+8.0 77.7+7.0 78.9+8.6 752+8.7 749 £ 8.4 773+£88 772+11.0

Values are mean values =+ standard deviations. AL = arm length; CS = composite score; IL = inferolateral; MD = medial; SL = superolateral.

12-year-olds, from 0.67-0.88 for 13-year-olds, from
0.63-0.93 for 14-year-olds, from 0.47-0.83 for 15-year-
olds, from 0.81-0.90 for 16-year-olds, and from 0.86-
0.97 for 17-year-olds (Table 3). In addition, the SEM
values ranged from 2.9-6.1% for 12-year-olds, from
3.5-7.4% for 13-year-olds, from 1.9-5.3% for 14-year-
olds, from 3.4-7.6% for 15-year-olds, from 2.7-6.0%
for 16-year-olds, and from 1.8-4.3% for 17-year-
olds (Table 3). Examples of Bland-Altman plots for
the CS during left arm reach for each age category
are shown in Figure 2 A-F. Overall, the plots illus-
trate that a relatively large amount of data points

(87.5-100%) was within the limits of agreement (i.e.,
mean + 1.96 SD lines). For the other measures, the
percentages of data points, which were within the
limits of agreement, were in the same range (data
not shown).

Minimal detectable change

The MDC95% values ranged from 8.1-16.9% for
12-year-olds, from 9.7-20.4% for 13-year-olds, from
5.4-14.8% for 14-year-olds, from 9.5-21.1% for
15-year-olds, from 7.6-16.5% for 16-year-olds, and
from 4.8-11.9% for 17-year-olds (Table 4).

Table 3. Intraclass correlation coefficient with 95% confidence interval and standard error of measurement by

age cohort.

12 yrs (n=14) 13 yrs (n=20) 14 yrs (n=24) 15 yrs (n=20) 16 yrs (n=18) 17 yrs (n=15)
ICC31(95%  SEM (%) ICCs1(95%  SEM (%) ICCs1(95%  SEM (%)  ICCsi(95% SEM (%)  ICCs1(95% SEM (%)  ICCsi(95%  SEM (%)
(@)} (o)) CIn Cn CIn CI)
Left arm
reach
MD (% AL) 0.90 (0.68- 33 0.78 (0.44- 4.6 0.63 (0.15- 52 0.83 (0.56- 4.6 0.85 (0.63- 55 0.94 (0.82- 2.9
0.97) 0.91) 0.84) 0.93) 0.94) 0.98)
IL (% AL) 0.80 (0.39- 4.0 0.83 (0.57- 7.4 0.90 (0.78- 4.1 0.57 (-0.08- 7.3 0.82 (0.54- 6.0 0.95 (0.84- 2.5
0.94) 0.93) 0.96) 0.83) 0.93) 0.98)
SL (% AL) 0.71 (0.09- 5.4 0.80 (0.50- 4.9 0.81 (0.55- 53 0.78 (0.44- 4.7 0.85 (0.62- 4.4 0.97 (0.91- 2.5
0.91) 0.92) 0.92) 0.91) 0.94) 0.99)
CS (% AL) 0.89 (0.64- 29 0.88 (0.70- 38 0.88 (0.72- 32 0.83 (0.57- 34 0.90 (0.75- 33 0.97 (0.92- 1.8
0.96) 0.95) 0.95) 0.93) 0.96) 0.99)
Right arm
reach
MD (% AL) 0.82 (0.44 - 48  0.67(0.17- 52 0.75(0.41- 44 0.81 (0.53- 4.5 0.81(0.51- 46 091(0.72- 3.5
0.94) 0.87) 0.89) 0.93) 0.92) 0.97)
IL (% AL) 0.67 (-0.04- 6.1 0.86 (0.64- 6.2 0.90 (0.77- 35 0.47 (-0.58- 7.6 0.84 (0.58- 43 0.86 (0.59- 43
0.89) 0.94) 0.96) 0.75) 0.94) 0.95)
SL (% AL) 0.90 (0.67- 35 0.71(0.27- 53 0.84(0.63- 3.7 0.83 (0.56- 4.5 0.86 (0.64- 43 0.94 (0.81- 2.8
0.97) 0.89) 0.93) 0.93) 0.94) 0.98)
CS (% AL) 0.87 (0.61- 33 0.87(0.68- 3.5 0.93(0.84- 1.9 0.80 (0.50- 35 0.90 (0.74- 27 0.94(0.83- 23
0.96) 0.95) 0.97) 0.92) 0.96) 0.98)
AL = arm length; CI = confidence interval; CS = composite score; ICCs,1 = intraclass correlation coefficient; IL = inferolateral; MD = medial;
SEM = standard error of measurement; SL = superolateral.
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Figure 2. Bland-Altman plots for the composite score (CS) during left arm veach for the 12-year-olds (A), the 13-year-olds (B), the
14-year-olds (C), the 15-year-olds (D), the 16-year-olds (E), and the 17-year-olds (F). The difference between the test and retest
measurements is plotted against the mean of the respective measurements. Solid lines indicate the average of the differences. Dot-
ted lines indicate the mean + 1.96 standard deviations (i.e., limit of agreement).

DISCUSSION

In the present study, test-retest reliability of the YBT
UQ was investigated in a relatively large-sized sam-
ple of 111 healthy female and male adolescents aged
12-17. With reference to the relevant literature,'? it
was expected that the YBT-UQ would be a reproduc-
ible test for the assessment of upper quarter mobil-
ity and stability in this population.

Given that there is no study available that examined
test-retest reliability of the YBT-UQ in healthy adoles-
cents, the present results have to be compared with
results originating from studies'? that investigated
older age cohorts. For example, Gorman et al.! inves-
tigated healthy young adults (age range: 19-47 years)
and reported ICC values between 0.80 and 0.99 for
the three reach directions indicating “excellent”
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Table 4. Minimal detectable change by age cohort.

yIS VIS 4 yrs yIs 6 yrs VIS

(n=14) (n=20) (n=24) (n=20) (n=18) (n=15)
Left arm
reach
MD (% AL) 9.1 12.8 14.5 12.3 15.2 8.0
IL (% AL) 11.2 20.4 11.4 20.2 16.5 7.1
SL (% AL) 15.0 13.5 14.8 13.1 12.3 6.8
CS (% AL) 8.1 10.5 8.9 9.5 9.2 4.8
Right arm
reach
MD (% AL) 13.3 14.5 12.3 12.6 12.7 9.6
IL (% AL) 16.9 17.1 9.6 21.1 11.9 11.9
SL (% AL) 9.8 14.7 10.1 12.3 12.0 7.8
CS (% AL) 9.2 9.7 5.4 9.6 7.6 6.4
AL = arm length; CS = composite score; IL = inferolateral; MD = medial; SL = superolateral.

reliability. Further, Westrick et al.? studied healthy,
college-aged adults and observed ICC values rang-
ing from 0.91 to 0.92 that are indicative of “excel-
lent” reliability. The present findings are mainly in
accordance with the previous studies.'? This implies
that the YBT-UQ is a reproducible test that can be
used for the assessment of intervention-based (e.g.,
physical exercise) changes of upper quarter mobility
and stability in adolescents from several age cohorts
as well as in young adults. However, we observed
solely “excellent” ICC values in the 16- and 17-year-
olds while the 12- to 15-year-olds crossed over from
“moderate-to-good” into “excellent” ICC values.
Thus, particular care (e.g., ensuring a high level of
attention and concentration by the tested subjects)
is needed when performing the YBT-UQ in younger
compared to older adolescents. Further, the “excel-
lent” ICC values in the 16- and 17-year-olds corre-
sponds with those obtained in adults'* which seems
indicative for the adoption of an adult-like YBT-UQ
control in this age group.

The MDC95% ranged between 4.8% and 21.1%.
Thus, a change in YBT:UQ_ performance exceeding
these values, seems to be a true response, and an
examiner can be 95% confident that a true change
has occurred beyond measurement error. In this
regard, a study by Salo and Chaconas'? repeatedly
performed the YBT-UQ performance before and
after a fatigue protocol in healthy adults (mean age:

26 + 3 years). The authors reported significant per-
formance reductions of 2 to 18%, which corresponds
to the aforementioned MDC95% value range.

Further, the present analyses showed no statistically
significant differences in performance on the YBT-UQ
between females and males (except for the right arm
reach in the IL direction in favour of boys) as well as
between the dominant and the non-dominant arm.
This is in line with previous studies"*'*'* that inves-
tigated sex and/or limb differences in the YBT-UQ
performance. For example, Gorman et al.! compared
normalized YBT-UQ performance between 45 women
and 51 men and did not observe statistically signifi-
cant sex differences. In terms of limb differences,
Borms et al.'* investigated 29 healthy adults and
reported no significant differences on the YBT-UQ
between the dominant and the non-dominant arm.

The present findings were obtained from typically
developing adolescents aged 12 to 17 years and are
thus only applicable in healthy adolescents in this
specific age group. Thus, these results cannot be gen-
eralized to other populations with physical/motor
deficits (e.g., adolescents suffering from develop-
mental coordination disorder) or other age groups,
such as younger (i.e., children) persons. Further, the
presented findings are specific to the YBT-UQ, which
is a well-established field-based method of investi-
gating upper quarter mobility and stability.'® As a
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consequence, further research is needed to confirm
the present results for other upper quarter field tests
(e.g., closed kinetic chain upper extremity stability
test, seated medicine ball throw).

CONCLUSIONS

The results of the current study indicate “moderate-
to-good” to “excellent” ICC values in 12- to 15-year-
olds, “excellent” ICC scores in 16- and 17-year-olds,
and rather low SEM values (i.e., < 7.6%) when con-
sidering all adolescents. These findings indicate
that the YBT-UQ is a feasible and reproducible test
for the assessment of upper quarter mobility and
stability in healthy female and male adolescents
aged 12 to 17 years. The observed MDC95% val-
ues ranged from 4.8 to 21.1% (depending on age
cohort, reach arm, and reach direction) and rep-
resent the minimum amount of change needed to
exist between pre- and post-testing YBT-UQ scores
to indicate a real change in performance. Future
research is needed to establish the responsiveness
of the YBT-UQ to upper body training and condi-
tioning programs and to determine the amount of
training-related performance changes, which may
occur in adolescents.
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